SUMMARY Three children who had suffered prolonged hypotension or severe asphyxia and who subsequently developed cystic subcortical leucomalacia are reported. This condition fits into the spectrum of perinatal ischaemic brain disease but the diagnosis in life has not previously been reported. Aetiological factors and neurodevelopmental outcome, which was poor in all cases, are discussed.
The diagnosis of periventricular cysts using real time ultrasound is well documented.1 We now describe three infants with a very different distribution of cyst formation affecting the subcortical white matter, and discuss its importance.
Methods
Regular ultrasound examinations are performed on all infants of 1500 g birthweight and below as well as more mature infants with clinical neurological abnormalities. Scans were performed in coronal and parasagittal planes, through the anterior fontanelle using an ATL 300i real time scanner, with a 3-5, 5, and 7-5 MHz multifrequency transducer. The lateral resolution of the 5 MHz and 7-5 MHz crystals are 1-6 and 0-9 mm respectively. Case reports Case 1. This girl was born by emergency caesarean section after placental abruption at term. Her birthweight was 2-9 kg. She was severely asphyxiated and did not breathe spontaneously until 20 minutes after birth. Convulsions began on the first day of life and were initially well controlled by phenobarbitone. On day three there was an episode of extreme hypotension (systolic pressure 32 mm Hg) which responded to dopamine infusion. She subsequently developed further severe convulsions, profound hypotonia, and temperature instability. Cerebral ultrasound first showed subcortical cysts when the child was 6 weeks old ( Fig. 1 (Fig. 3(a) ). Two weeks later extensive cystic degeneration was seen on ultrasound scan affecting both periventricular and subcortical regions ( Fig. 3(b) ). He was slow to start feeding and remained very irritable. At the time of 1041 (Fig. 4) . Computed tomogram showed symmetrical radiolucent areas confined to the parietal regions but no definite cysts were recognised. He has shown normal head growth and the occipitofrontal circumference currently lies on the 25th centile (weight on the 3rd centile). His first social smile was at age 14 weeks. He is now 16 months old (corrected age 13 months), is hypotonic, and cannot sit unsupported. There is also impairment of fine motor control. He shows bilateral hearing loss on free field distraction testing, makes few babbling sounds, and uses no words with meaning. Although he had a convergent strabismus, his visual acuity is good. 
Discussion
Subcortical leucomalacia is one variant of neonatal hypoxic-ischaemic brain injury. The purpose of this report is to draw attention to the diagnosis by real time ultrasound, and the poor prognosis associated with it.
Subcortical leucomalacia occurs as a watershed injury at the boundary zones between the branches of the three major cerebral arteries.2 As term approaches there is regression of meningeal anastomoses between the major cerebral arteries which are normally present in the preterm infant.3 As a result of this, an important protective mechanism is lost and the subcortical region becomes a vulnerable site for ischaemic damage. In addition, the sulci deepen towards term and the penetrating vessels from the meningeal arteries bend acutely at the cortical-white matter junction as they pass towards the lateral ventricle. This leaves a relatively avascular triangle at the base of the sulcus which has been well shown by Takashima et al4 using post mortem microangiographic injection techniques. This region is particularly susceptible to damage as a sequel to decreased arterial perfusion. Brann and Myers5 have produced haemorrhagic necrosis of this area in newborn monkeys by experimental partial asphyxia. As a result of these two important changes in the cerebral circulation with increasing maturity, subcortical leucomalacia is much more likely to occur in term infants. The two mature infants reported here both suffered severe perinatal asphyxia, and one also had a period of severe postnatal hypotension. The third child reported, born at 28 weeks' gestation, suffered a period of profound and prolonged hypotension. We cannot explain why he showed this pattern of injury rather than the more common distribution of periventricular cysts which is characteristically seen in the preterm infant.
In addition to subcortical leucomalacia, infant 1 showed evidence of extensive cortical atrophy and basal ganglia degeneration. The second case also showed periventricular cysts. The poor prognosis in these children is therefore not surprising and may account for the different pattern of neurodevelopmental abnormalities seen in the third infant in whom no other abnormality was seen. The importance of subcortical cysts should not, however, be underestimated, as they provide a marker of severe brain insult, the aetiology of which seems to be intrapartum asphyxia or postnatal hypotension, or both.
Our experience with these three children suggests that subcortical cyst formation correlates with a poor neurodevelopmental outcome. At the time of her death, when aged 3 months, the first infant showed such severe cerebral damage that temperature control was impaired. The second child also shows serious sequaelae with myoclonic seizures, spastic quadriparesis, and microcephaly at the age of 7 months. Although the third child also shows delay in all aspects of development, his course has varied from that of the other two. At no time has he suffered convulsions and he now shows normal head growth and hypotonia rather than spasticity. This, perhaps, reflects the considerable difference in the response of the preterm brain to an insult when compared with its more mature counterpart.
Slovis reported a variety of parenchymal abnormalities seen on cranial ultrasound after perinatal hypoxic ischaemic insult.6 He describes one infant of 32 weeks' gestation with multiple cystic encephalomalacia. This is a non-specific term for large cavitated lesions of the cerebrum which may result from various insults apart from asphyxia, such as meningoencephalitis or twin-twin transfusion.7 Babcock and Ball also reported this ultrasound abnormality in three of 18 asphyxiated term neonates.8 These reports, however, only emphasise the capacity of real time ultrasound to detect cystic changes within the cerebral parenchyma, rather than the aetiology of the cystic lesion. Ultrasound is now recognised as the best imaging technique for identifying periventricular cystsl and it seems that other patterns of cyst formation may be equally well diagnosed. On computed tomography areas of hypodensity may be seen in the first two weeks after hypoxic-ischaemic insult and seem to be important prognostic pointers-90% of asphyxiated term infants with this finding were abnormal at 18 months.9 Several workers have commented on the failure of computed tomography to show cystic changes that have been seen on a real-time ultrasound.6 8 10 In this study the presence of cystic lesions was not detected by computed tomography.
In conclusion, subcortical leucomalacia is an important variant of cerebral hypoxic-ischaemic injury, more commonly seen in the term infant, but which we also describe in one preterm neonate, and which is readily diagnosed by real time ultrasound. The prognosis seems to be very poor.
